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(57) ABSTRACT 

Hand held Wireless reading vieWer for bar codes printed 
With ?uorescing inks that are invisible to the human eye. The 
reading vieWer comprises a portable housing With a WindoW 
transparent to the excitation and emission Wavelengths, an 
LED or laser diode illuminator module having optical ?lter 
and di?‘user, an image sensor module With a spectral band 
limited imaging optics, real time LCD video display, micro 
processor With an image acquisition circuit, RF communi 
cations port, battery and self-destruct intrusion detector. 
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HAND HELD WIRELESS READING VIEWER OF 
INVISIBLE BAR CODES 

BACKGROUND OF THE INVENTION 

[0001] This invention is concerned With the devices for 
vieWing, scanning and reading information printed in the 
form of invisible patterns such as tWo-dimensional and 
one-dimensional bar codes. The need for this kind of devices 
has emerged and groWing in connection With proliferation of 
illegally made products and documents. One of the potent 
Ways to counter spread of counterfeit products and forged 
documents is to authenticate and trace migration of articles 
by the use of bar codes invisible to an unaided eye. Such 
invisible bar codes are often printed With the inks containing 
loW concentration of colorless chemical compound ?uoresc 
ing in the near infrared spectrum. In order to authenticate an 
article or ?nd out the content of the covert bar code in a 
Warehouse or in a ?eld a portable Wireless device is needed 
that is capable to detect the invisible bar code then acquire 
its image and decode its content. There are many different 
hand held bar code readers available for reading visible 
one-dimensional and tWo-dimensional bar codes. Reading of 
a bar code requires simply aiming of the scanner at the bar 
code pattern. All these readers belong to one of the tWo 
general categories: moving beam scanners and scanners 
based on imaging devices. The moving beam scanners emit 
a mechanically oscillating laser beam, usually of red color. 
User points the visible scanning pattern to overlap or cross 
the visible bar code. An imaging scanner needs the target 
space be illuminated either With ambient light or an auxiliary 
on-board light source. Such light source may be visible or 
near IR. Neither the IR illuminating beam nor ambient light 
assist in aiming of the scanner at the targeted bar code. Such 
scanners are alWays equipped With targeting beams that 
create bright visible ?ducial marks on the targets. The 
equipment designers add such beams speci?cally to facili 
tate aiming of their scanners at the target. When the target 
bar code pattern is invisible the operator often does not knoW 
exact location of the bar code and Would have a disturbing 
task of ?nding a bar code and precise aiming of the scanner 
at the invisible indicia. Even the targeting beams that create 
visible ?ducial marks Would not help much. The other 
problem of successfully reading the invisible bar codes is 
that the invisible ?uorescing indicia often emit a very Weak 
signal due to loW concentration of invisible ink. The loW 
concentration of ink helps to make the bar code pattern as 
dif?cult to detect as possible Without proper equipment. A 
print contrast may Weaken due to age or become degraded 
from exposure to UV light, oxygen and other elements. An 
invisible bar code may be printed on an uneven surface. In 
all such cases quality of the invisible ?uorescing image 
produced by the image sensor depends on a relative position 
of the excitation beam of the scanner and orientation of its 
receiving beam accepting the ?uorescing image. The pro 
posed invention provides solutions to all these challenges. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0002] The object of this invention is to create a portable 
hand held device suitable for vieWing invisible ?uorescing 
or phosphorescing bar codes and quickly and reliably 
decode their data content. 
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[0003] Another object of this invention is to provide such 
hand held reading vieWer of invisible bar codes that is 
capable of performing in presence of interfering ambient 
light. 

[0004] Another object of this invention is to provide hand 
held reading vieWer of invisible bar codes capable of dis 
playing and successfully reading invisible bar codes printed 
on uneven surfaces of hard objects and packages. 

[0005] Another object of this invention is to provide hand 
held reading vieWer capable of performing With bar codes 
printed With ?uorescing ink of loW concentration. It is 
desirable to use invisible ink having concentration of ?uo 
rescent ingredient as loW as possible for making the imprint 
dif?cult to detect and duplicate by counterfeiters. 

[0006] One important aspect of the invention is providing 
a real time vieWing of the invisible indicia on the miniature 
LCD video monitor With automatic decoding of the targeted 
invisible bar code as soon as its complete image appears on 
the screen. The electronic representation of image created by 
the image sensor is shared betWeen the displaying compo 
nents of the device and its image processing and decoding 
circuitry. This results in a convenience of vieWing on the 
display the image that is an exact copy of the image 
available to the bar code searching and decoding processor. 
The image sensor output signal can be analog or digital. 
When an analog type sensor is used, a video speed analog to 
digital converter can be used to interface video signal to the 
microcomputer. A digital type sensor can be directly inter 
faced to the microcomputer. In this case an LCD display 
With the digital controller shall be used. Having a real time 
video display simpli?es process of ?nding invisible indicia 
of a bar code and most favorable positioning of the portable 
scanner in respect to the said indicia. The operator has an 
advantage of vieWing a good quality live video image of the 
invisible pattern and adjust position of the reader so the 
image appears With the smallest amount of distortions and of 
a best possible contrast. 

[0007] The other aspect of the invention is making the 
important units of the portable reading vieWer as easily 
replaceable modules. These modules include an illuminator 
module, imaging module, display module, decoding mod 
ule, communication port module and poWer module. All 
modules are integrated in a compact hand held ergonomi 
cally shaped plastic enclosure. The illuminator module has 
useful and unique features not currently available in the art. 
Each replaceable illuminator module comprises an LED or 
array of LED; in some cases a laser diode is used in place 
of LED; an optical ?lter that blocks the undesirable Wave 
lengths and a diffuser that makes smooth and even distri 
bution of the excitation beam impinging on the area Where 
the invisible bar code is expected to reside. There are 
important reasons Why both the ?lter and di?fuser are used. 
The un?ltered light emitted by an LED or LD is not perfectly 
monochromatic. Usually it contains not only Wavelengths 
needed for excitation. A small portion of total emitted energy 
is carried on the Wavelengths that are close to or the same as 
the Wavelengths of emission of the invisible ink. Such 
crosstalk reduces contrast of the received image and can 
make vieWing and decoding of the bar code impossible. The 
level of crosstalk betWeen the excitation and receiving 
imaging channels depends on the concentration of the ?uo 
rophore in the invisible ink, degree of separation on the 
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wavelength scale between the excitation and the peak of 
emission and quality of the bandwidth ?lters placed in the 
illuminator and imaging channels. There are two types of 
?lters: absorption and interference. The absorption ?lters are 
usually less expensive, but interference ?lters provide better 
rejection outside of the nominal band and have much sharper 
transition between the transmission and rejection regions. In 
most demanding applications the interferential ?lters shall 
be the right choice. Theoretically, the interference ?lters 
work well in the optical systems where the wavefront of 
light is parallel to the ?lter surface. Practically, the angles of 
up to +/—l5 degrees are acceptable. This is the reason that 
the ?ltering element must be positioned between the light 
source, such as LED or LD, and the diifusing element. The 
light shall pass through the ?lter ?rst. If this condition is not 
met the light exiting the diffuser would impinge on the ?lter 
at wide range of incident angles thus reducing performance 
of the ?lter. The problem of crosstalk between the excitation 
source and imaging channel is evident in the system 
described in the US. Pat. No. 6,824,061 issued to Ha?fersley 
& Blackwell II. Such bar code reader cannot read bar codes 
printed with the inks ?uorescent in blue color when excited 
with the soft UV light emitted by the UV LED. This is 
because the LED with the peak emission at 375 nm have 
broad enough spectrum to suppress the image of a bar code 
?uorescing at 400 nm and even at 450 nm. Inclusion of the 
correcting short pass or band pass ?lter in front of the LED 
would cancel this problem. Often more than one LED is 
required to illuminate an area of a bar code. An array of LED 
results in a beam with uneven distribution of intensity 
throughout its cross section. This may cause an image 
appear so much modulated by the unevenly illuminating 
beam that would present serious difficulties to the decoding 
software. Presence of the diffuser e?fectively remedies this 
problem. 
[0008] In the proposed invention light from the illuminator 
module emanates towards the window at the angle of 45 to 
70 degrees to the window plane. Most of this light penetrates 
through the window and illuminates surface of the targeted 
object. Some portion of this light re?ects from the window 
surface and hits the enclosure wall on the side opposite from 
the illuminator. Further propagation of the excitation energy 
inside of the reader is undesirable since bouncing from the 
internal walls and components may result in stray light 
getting into the imaging lens. One easy solution is placement 
of an absorptive screen on the inside wall opposite from the 
illuminator module. The other solution is to place there a 
patch of retro-re?ective ?lm such as Scotchlight®. Scotch 
light® is a trademark and product of 3M Company. It is 
made with the use of a layer of tiny glass spheres that re?ect 
an incoming light back towards its source. Thus the light 
re?ected by the window returns back to the window, increas 
ing the overall e?iciency of the illuminating system and 
reducing internal re?ections. 

[0009] The imaging module shall be constructed as an 
easily replaceable unit with a band pass optical ?lter inte 
grated within the imaging lens. The ?lter can be placed in 
front or behind the lens. Placing the ?lter between the lens 
and the sensor increases the back focal length of the imaging 
lens, which helps to accommodate the ?lter inside of a given 
lens holder. A lens of telecentric type is preferred for 
reducing the incident angle of light impinging upon the 
interference ?lter. In order to accommodate the reading 
viewer for various applications using different invisible inks, 
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all that needs to be done is to replace the corresponding pairs 
of illuminator and imaging modules. Thus, essentially the 
same construction of the portable reading viewer can be 
used to view and decode invisible bar codes printed with 
inks ?uorescing under excitation of ultraviolet, visible or 
near infrared energy. Even when a UV ink ?uorescing in 
visible spectrum is used, the real time video display provides 
unparallel convenience and ability to work in the strong 
ambient light conditions. 

[0010] The portable reading viewer shall be an autono 
mous device. For this reason, the reading viewer is equipped 
with an on-board power supply and RF communication port. 
These features allow the reading viewer to be operational in 
the warehouse environment. The data read from the invisible 
bar codes printed on products in warehouse or on production 
lines can be sent immediately to the host computer for 
updating of or comparing with a database. 

[0011] Since invisible bar codes typically used to protect 
documents or products from abuse, it is desirable to keep 
information on the physical properties of the covert invisible 
insignia unavailable to potential violators. An easy way to 
learn about the ink properties is to get hold of the reading 
viewer and to study how it works, to ?gure out the ink 
photonic features and then attempt to mimic the ink perfor 
mance with a counterfeit material. In order to make such 
counterfeiting process more complicated and costly, the 
proposed reading viewer is equipped with the intrusion 
detector. Once the housing of the reading viewer opens, the 
intrusion detector changes its state. As soon as power is 
applied to the reading viewer, its microprocessor detects the 
changed state of the intrusion detector, which means that the 
integrity of the devise has been compromised. The micro 
processor then initiates a self-destruct procedure that may 
induce physical damage to key components and erasure of 
the entire computer program. One simple but useful way to 
implement an intrusion detector is to connect a number of 
thin wires to the input pins of the microprocessor. One of 
these wires is a loop contacting two pins together. A thread, 
rod or other simple object is positioned in such a way that 
insures breaking of the wire loop in two separate wires when 
the case of the reading viewer opens. These two wires shall 
look indistinguishable from the other decoy wires. The 
intruder would have a small chance to make a right choice 
attempting to repair the broken pair of wires. Any wrong 
combination of connected wires would trigger the self 
destruct action. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic representation of the cross 
section of the portable reading viewer of invisible bar codes. 

[0013] FIG. 2 is a block diagram of a reading viewer 
device. It shows all essential components of the working 
devise and interactions between them. 

DETAILED DESCRIPTION OF THE PREFERED 

EMBODIMENT(S) 
[0014] A hand held reading viewer of invisible bar codes, 
as its name suggests, performs two main functions. It allows 
to view otherwise completely invisible symbols and to scan 
and decode those symbols when they represent a bar code. 
FIG. 1. illustrates a cross section of such portable reader that 
is convenient to hold in either left or right hand and to aim 
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at the area of interest. All components of the reading vieWer 
are enclosed in the plastic housing 30, Which has three 
features clearly identi?able from outside. At the front, it has 
a ?at WindoW 28, its bottom portion is shaped as a handle for 
gripping by hand and there is a video display 24 on the top 
of the rear portion of the case. The pushbutton 31 serves for 
initiating a vieWing and reading session. 

[0015] Inside the hosing, there are feW removable mod 
ules. The excitation module 27 illuminates With the beam 5 
the area of interest through the WindoW 28. This module 
comprises the LED 3, excitation ?lter 4 and diffuser 6. The 
LED can be a single component or an array of LED. The 
solid-state laser diodes some times can be used instead of 
LED. Whether a single LED or an array of LED is used the 
optical front of the emitted energy is quite irregular. The 
diffuser 6 signi?cantly smoothens the distribution of energy 
throughout the beam cross section. Depending on the 
required excitation bandWidth the illumination module can 
have a UV, Blue, Green, Red or IR LED. For the UV 
excitation the Nichia LED NSHU590A or NSHU590B are 
used. They emit at 375 and 365 nm respectively. These LED 
have a narroW 10 degrees beam and narroW 10 nm at 50% 
bandWidth. Yet, if the emission of the invisible ink is blue the 
interference ?lter With the cutoff Wavelength at about 390 to 
400 nm shall be used in the position of the ?lter 4. Other 
Wise, the small amount of energy leaking from the LED at 
the Wavelengths longer than 400 nm Will reduce the image 
contrast of the invisible bar code to an unacceptable level. 

[0016] Some invisible inks ?uoresce at the excitation of 
violet, blue, green or other visible light. In order to Work 
With such inks the illumination module shall contain an 
appropriate color LED 3 and a corresponding ?lter 4. The 
diffuser 6 can be lightly scattering translucent plate of glass 
or acrylic. 

[0017] In the upper central part of the housing, an imaging 
module 33 resides betWeen the front WindoW 28 and the 
video display 24. The imaging module 33 is positioned 
intentionally on the axis passing through the center of the 
WindoW 28 and the center of the screen of display 24. The 
Purdy Electronics display unit model AND-TFT-25PA 
Works Well in this application. 

[0018] The optical axis of the imaging module 33 is 
directed at the center of the WindoW 28. This topology 
enhances comfort of vieWing the invisible indicia as the 
location of the virtual image on the screen 24 is coaxial With 
the actual invisible image of the print. The imaging module 
33 comprises the imaging lens 7, bandWidth ?lter 8 and the 
image sensor 10, all housed in the opaque housing. The ?lter 
8 is selected to pass the emitted energy of the ?uorophore of 
the invisible ink and block all other energy coming through 
the lens. Though an absorption type ?lter can be used in 
many applications, the best performance is achieved With an 
interference band pass or high pass ?lter Working in the 
essentially collimated light. Thus, a telecentric type lens is 
preferable. The image sensor 10 can be a CCD, a CMOS or 
a focal plane array type imager. In the proposed preferred 
embodiment an analog type image sensor is used. The 
CMOS sensor model OV5 l l 6 manufactured by Omnivision 
Technology has good sensitivity in visible and near IR 
spectrums stretching from 400 nm to 1,100 nm. The CCD 
and focal plane array sensors bene?t from the use of a 
telecentric lens because many of these sensors have a matrix 
of micro lenses in front of the individual pixels. 
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[0019] Presence of micro lenses limits the angle of accep 
tance of the pixels and the telecentric lens is very suitable for 
this application. 

[0020] The video display 24 is a 2.5" in diagonal TFT 
LCD. It is tilted about 20 degrees upWard to provide a 
vieWing direction of the best contrast to the operator’s eye. 

[0021] The electronics of the reading vieWer are concen 
trated in the module 34. The RF communications port 
module 13 is placed as shoWn on the loWer portion of the 
hood-like upper part of the hosing 30. The battery module 23 
is in the handle. It is a relatively heavy module and its loW 
location facilitates the Weight balance of the device during 
handling. The inside surface of the housing is painted With 
the black light absorbing coating. The ?lm 26 attached to the 
top Wall near the WindoW 28 can be either fuZZy black for 
excellent absorption of the stray excitation light re?ected 
inWard by the WindoW surfaces, or it can be a retro-re?ective 
strip of Scotchlight® material for returning this light back 
toWard the WindoW. The Scotchlight® is a trademark of the 
3M Company. 

[0022] This architecture of the reading vieWer alloWs it to 
be used for vieWing and reading invisible bar codes printed 
With a very broad selection of invisible bar codes. Simply by 
placing a correct pair of tWo modules, the illumination 
module 27 and imaging module 33, it is possible to Work 
With any invisible ink either doWn-converting (Stock’s shift) 
or up-converting (Anti Stock’s shift) ?uorescing invisible 
materials. 

[0023] The process of using the reading vieWer consists of 
positioning the device in such a Way that the WindoW 28 is 
in a proximity of the area of the object Where the invisible 
bar code is expected to be found. If, at least a portion of the 
invisible insignia is brought against the WindoW 28, the 
image of that part of the bar code appears on the display 
screen. Depending on the optical magni?cation of the imag 
ing module, the actual dimensions of the displaying image 
may appear larger or smaller of the real pattern it represents. 
Whenever feasible it is a good idea to design a total 
magni?cation factor of the system to be close to one. Then 
the image vieWed on the screen Will be almost the same siZe 
as the real invisible image printed on the object. Moving the 
reading vieWer, the operator then performs task of bringing 
the pattern of the bar code presented on the screen as a live 
video to the center of the screen. The display provides a high 
resolution gray scale image, so it is easy to judge quality of 
the image by looking at it. Thus, it is quite easy and natural 
to ?nd a position of the reading vieWer, Which provides the 
virtual image When it is better focused, more evenly illumi 
nated and free from various artifacts. This is especially 
important When the invisible bar code is printed on surfaces 
that are not ?at or otherWise irregular. As soon as the image 
of the invisible bar code is fully shoWn on the display, the 
reading part of the device electronics Would decode its 
content and the human readable message appears on the 
screen. 

[0024] Here is a condensed description of main processes. 
When the invisible bar code is presented on the outside of 
the WindoW 28 and the pushbutton 31 is activated, the light 
beam emanating from the illuminator causes the invisible 
pattern to ?uoresce. The ?uorescing image may be of 
infrared nature and totally invisible to a human eye, or it may 
be gloWing in some visible color, usually barely detectable 
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due to loW concentration of the ?uorophore. The lens 7 
captures part of the ?uorescent energy and builds up an 
image 25 of the bar code on the sensitive plane of the image 
sensor 33. The electronic signals produced by the image 
sensor 10 pass to the real time video display unit 24 and 
simultaneously to the bar code decoding electronics. FIG. 2. 
depicts the block diagram of the device and helps to under 
stand better its inner Workings. The microcomputer 20 
generates all control signals and processes the image infor 
mation. The most computationally intensive task is process 
ing the image of invisible bar code, ?nding bar code 
boundaries and decoding its content. The DSP type micro 
processor model TMS320VC33 is selected for such a task. 
On poWer up, microprocessor initiates the image sensor 10 
via the control line 16 and using the control line 19 displays 
an opening message on the LCD display 24 using the on 
screen display feature of the video controller 21. Manufac 
tured by the ST Microelectronics part STV5730A Works 
Well in such video controller capacity. After a feW seconds 
allocated for vieWing the opening message the micropro 
cessor sWitches the video controller 21 into a pass through 
state. The signals generated by the imager go via the line 11 
to the video controller 21 and become available to the LCD 
panel 24. Since the LED 3 at this time is not active, the 
display is dark. Pressing of the pushbutton 31 causes the 
microprocessor to activate the LED 3 of the illuminator 2 via 
the line 14 and the LED driver 12. The invisible bar code 1 
produces the ?uorescing light, Which is focused by the lens 
7 onto the imager 10. This focused image 25 has a high 
contrast because the band pass ?lter 8 readily passes the 
?uorescent energy collected by the lens Without a signi?cant 
attenuation. HoWever, the ?lter 8 blocks the excitation 
energy produced by the LED 3, because the transmittance 
bands of the ?lters 4 and 8 are mutually exclusive. The 
image of the bar code noW appears on the LCD display. The 
analog video signals from the sensor are being converted to 
digital form by the component 17. A Texas Instrument ADC 
converter part number TLC876 can be used for this purpose. 
Pixel by pixel the digitiZed image reaches the microproces 
sor data inputs via the FIFO 18. The FIFO serves a purpose 
to assure reliable acquisition of the image data in the 
situation When the image sensor runs at its oWn speed 
asynchronous to the microprocessor. When the micropro 
cessor acquires a complete image frame, it attempts to ?nd 
and decode the image of the bar code. After a successful 
decode, the message encoded in the bar code is displayed on 
the LCD 24 by the microprocessor via the line 19 and video 
controller 21. Depending on the application needs, the same 
message can be uploaded via the RF communication port 13 
to an outside device. For enhanced system security, the 
reading vieWer has an intrusion protection feature. In this 
embodiment, a simple intrusion protection scheme is imple 
mented using an array of thin Wires 15 and 35 connected to 
the microprocessor inputs. The difference betWeen the Wires 
15 and a Wire 35 is that the Wire 35 is a loop connecting tWo 
of the inputs. A thread may be passing through this Wire 
loop. The ends of the thread are attached to both halves of 
the closed housing 30. As soon as the halves of the housing 
are separated slightly during opening of the case, the thread 
tensions and breaks the Wire loop in tWo Wires. NoW there 
are only a number of thin Wires connected on one end to the 
microprocessor pins. If this happens at the time When the 
microprocessor runs, it Will immediately go into a self 
destruct procedure. Then the microprocessor can cause a 
failure to a delicate circuit component by a voltage pulse 
exceeding the component maximum tolerance, in addition it 
Will erase the program memory. If the intrusion happens 
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When the device is not operating, the same self-destructing 
process Will be initiated at the ?rst moments When the poWer 
is applied. The other type intrusion detectors can be imple 
mented, such as unnoticeable mechanical contacts or light 
detectors changing state When the reading vieWer housing is 
open. 

[0025] The poWer supply circuit 22 derives energy from 
the portable battery 23 and generates all needed voltages. 

What is claimed is: 
1. What is claimed is a device for vieWing, scanning and 

decoding of invisible ?uorescing or phosphorescing bar 
codes. Such device comprises a compact housing With the 
handle, optical WindoW transparent to the excitation and 
emission energy, illumination module having excitation 
band pass ?lter and diffuser, imaging module having video 
image sensor, lens and emission band pass ?lter, video 
display module and image processing and bar code decoding 
microprocessor. 

2. A device according to claim 1, Wherein the imaging 
module is located betWeen the video display module and the 
optical WindoW, such that the optical axis of the imaging 
module coincides With the virtual line betWeen the centers of 
the display and the optical WindoW. 

3. A device according to claim 1, Wherein the cut-off 
Wavelength of the excitation ?lter is shorter than the cut-on 
Wavelength of the emission ?lter. 

4. A device according to claim 1, Wherein the cut-on 
Wavelength of the excitation ?lter is longer than the cut-off 
Wavelength of the emission ?lter. 

5. A device according to claim 1, Wherein the excitation 
?lter is positioned betWeen the solid-state light source and 
the diffuser. 

6. A device according to claim 1, Wherein the video 
display module includes an LCD panel. 

7. A device according to claim 1, Wherein the excitation 
module emits energy in the range of Wavelengths from 300 
nm to 2500 nm. 

8. A device according to claim 1, Wherein the video image 
sensor outputs an analog signal. 

9. A device according to claim 1, Wherein the video image 
sensor outputs a digital signal. 

10. A device for vieWing, scanning and decoding of 
invisible ?uorescing or phosphorescing bar codes. Such 
device comprises a compact housing With a handle, optical 
WindoW transparent to the excitation and emission energy, 
illumination module having excitation band pass ?lter and 
diffuser, imaging module having video image sensor, lens 
and emission band pass ?lter, video display module, image 
processing and bar code decoding microprocessor, an RF 
communication port and a battery. 

11. A device for vieWing, scanning and decoding of 
invisible ?uorescing or phosphorescing bar codes. Such 
device comprises a compact housing With a handle, optical 
WindoW transparent to the excitation and emission energy, 
illumination module having excitation band pass ?lter and 
diffuser, imaging module having video image sensor, lens 
and emission band pass ?lter, video display module, image 
processing and bar code decoding microprocessor, an RF 
communication port, battery and self-destruct intrusion 
detector. 


